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PRESERVATION OF THE CHONDROCYTES PERICELLULAR
MATRIX IMPROVES CELL-INDUCED CARTILAGE
FORMATION
L.A. Vonk1, B. Zandieh Doulabi2, C. Huang2, M.N. Helder2,
V. Everts1, R.A. Bank3,1
1Academic Ctr. for Dentistry Amsterdam (ACTA), Amsterdam,
Netherlands; 2VU Univ. Med. center (VUMC), Amsterdam,
Netherlands; 3Univ. Med. center Groningen, Groningen,
Netherlands
Purpose: Chondrocytes are often used for cartilage tissue engi-
neering. However, in native cartilage, the chondrocytes are sur-
rounded by a pericellular matrix, together forming the chondron.
Since cells are inﬂuenced by their surroundings, we hypothesized
that retaining the pericellular microenvironment would inﬂuence
the synthetic capacity of the chondrocytes. Therefore the aim of
this study was to investigate whether the pericellular matrix has
an effect on cell-induced cartilage formation.
Methods: Chondrocytes and chondrons isolated from nucleus
pulposus (NP), annulus ﬁbrosus (AF), and articular cartilage (AC)
from goats, were cultured for 25 days in alginate beads. After 7, 18
and 25 days of culture, the amount of proteoglycans present in the
alginate beads was measured and collagen was extracted from
the beads. Immunoblotting for type II collagen was performed on
the collagen extracted from the alginate beads. Protein expression
of matrix metalloproteinase 2 (Mmp2) and Mmp9 was analyzed by
zymography and gene expression levels of Mmp13 were measured
by real-time PCR.
Results: Chondrons and chondrocytes were successfully isolated
from AC, AF, and NP. The amount of proteoglycans found in the
alginate beads was signiﬁcantly higher in the chondrons from AC
and NP compared to the chondrocytes, but no differences were
found between chondrons and chondrocytes from AF. The type
II collagen that was extracted from the alginate beads containing
the chondrons from all the cartilage sources was cross-linked,
whereas the type II collagen produced by the chondrocytes con-
sisted only of non-crosslinked alpha1 (II) chains. Both Mmp2 and
Mmp9 expression were higher by
the chondrocytes from AC and NP compared to the chondrons,
no differences were found with the AF cells. At day 0 the gene
expression levels of MMP13 were low in both chondrocytes and
chondrons. However, after 18 and 25 days of culture, there was a
signiﬁcant increased expression by the chondrocytes and not by
the chondrons.
Conclusions: This study shows that maintaining the native chon-
drocytes pericellular matrix affects both anabolic and catabolic
activities. The cross-links present in the type II collagen produced
by the chondrons isolated from all the different tissues suggests
that the pericellular matrix has an effect on the expression or
the activity of enzymes involved in collagen cross-linking. The
type II collagen produced by the chondrons does more resemble
the collagen found in the native tissues. It is also likely that the
altered cell-ECM interactions caused by removal of the pericellu-
lar matrix plays a role in the increased expression of the matrix
metalloproteinases.
Taken together, our data suggest that the extracellular matrix sur-
rounding the chondrocytes is essential for maintaining its proper
composition and that preserving the thin matrix layer surrounding
the chondrocytes improves cell-induced hyaline cartilage forma-
tion.
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HISTONE DEACETYLASE INHIBITORS AS
CHONDROPROTECTIVE AGENTS
K.L. Culley1, S. Fenwick2, I. Clark1
1Univ. of East Anglia, Norwich, United Kingdom; 2Smith and
Nephew Group Res. Ctr., York, United Kingdom
Purpose: Cartilage destruction in osteoarthritis is thought to be
mediated mainly by the action of proteinases from the matrix
metalloproteinase (MMP) and ‘a disintegrin and metalloproteinase
domain with thrombospondin motifs’ (ADAMTS) families. The ex-
pression of these enzymes can be altered through changes in
protein acetylation mediated by histone acetyltransferases (HATs)
and histone deacetylases (HDACs). Cell-based and cartilage ex-
plant assays show that HDAC inhibitors can block proinﬂamma-
tory cytokine induction of key MMPs and ADAMTSs resulting
in inhibition of cartilage resorption. This project aims to deﬁne
the molecular pathways by which HDAC inhibitors mediate their
chondroprotective affects.
Methods: The activity of trichostatin A (TSA), valproic acid (VPA)
and MS-275 on histone and α-tubulin acetylation within SW1353
cells was assessed via western blot. Quantitative RT-PCR was
used to determine the effect of HDAC inhibitors on cytokine in-
duced metalloproteinase expression. Bovine nasal cartilage (BNC)
explant assays were used to determine the effect of HDAC in-
hibitors on cartilage destruction.
Results: Western blot analysis concluded all inhibitors cause
a concentration dependent increase in histone 3 and histone 4
acetylation, with only trichostatin A causing an increase in α-tubulin
acetylation. Quantitative RT-PCR analysis of cytokine stimulated
SW1353 cells showed that MMP1 and MMP13 expression is
signiﬁcantly reduced by TSA and VPA but not MS-275, and all
three compounds signiﬁcantly reduce cytokine induced MMP3
expression. BNC explant assays indicate all three compounds
inhibit cytokine induced cartilage resorption and we are currently
screening gene expression in this model.
Conclusions: All three inhibitors protect against cytokine induced
cartilage resorption despite their differential ability to inhibit clas-
sical HDACs. MS-275 blocks cartilage resorption despite having
no effect on the expression of key collagenase genes. In common
with the other HDAC inhibitors, it does abrogate cytokine-induced
MMP3 expression, potentially preventing collagenase activation,
and this may therefore be a key mode of action for such com-
pounds.
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ACUTE-PHASE AGGRAVATION OF CHONDROCYTE DEATH
IN HUMAN ANKLE INTRAARTICULAR FRACTURES
Y. Tochigi, J.A. Martin, A. Lehman, T. Vaseenon, P. Zhang,
J.A. Buckwalter, T.D. Brown
Univ. of Iowa, Iowa City, IA
Purpose: In intraarticular fractures (IAFs), death and dysfunction
of chondrocytes on the fractured articular surface presumably play
an important role in subsequent cartilage degeneration that even-
tually leads to post-traumatic OA. In this study, cell-level pathol-
ogy of fracture-associated cartilage injury and its time-dependent
changes were explored in a quasi-in-vivo model of human ankle
IAF. It was hypothesized that chondrocyte death associated with
IAF would be concentrated near fracture edges, and that that
cartilage damage would aggravate with time in the acute phase.
Methods: Four normal human ankles immediately (< 4hrs) fol-
lowing surgical amputation, from femoral malignant tumor pa-
tients (29-57y, 2M, 2F), were subjected to fracture insult in which
the most typical injury mechanism of clinical distal tibial “pilon”
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fractures (i.e., supra-physiologic compressive impact) was repli-
cated. From these fracture-impacted ankles, major osteoarticular
fragments were sampled and subjected to chondrocyte viability
analysis, using a confocal laser-scanning microscope system. For
each ankle, scans were executed at several sites near fracture
edges, as well as centrally in non-fracture areas. Chondrocytes in
the superﬁcial zone (within 100-150 microns of the surface) were
scanned upon staining with Calcein-AM (live cells)/Ethidium Ho-
modimer (dead cells), and site-speciﬁc cell deaths rates (= dead
cell count/total cell count) were computed. The ﬁrst two ankles
were studied immediately after insult (within 8 hrs), and the third
after 2 days of culture, while the fourth was scanned at both time
points. In the 3rd and 4th specimens, in addition to the very “near-
edge” sites (600-micron-square ﬁeld including a fracture edge),
cell variability at “next-to-edge” sites (the 600-micron-square ﬁeld
contiguous to each near-edge site) were also studied.
Results: In all ankles, comminuted distal tibial fractures occurred
(Figure 1). In the three ankles scanned immediately, appreciable
cell death (rates > 20%) was identiﬁed in 4/9 fragments, but
only at near-edge sites. In the two ankles studied after 2-day
culture, 10/11 fragments had appreciable cell death at near-edge
sites, and the cell death rate was higher than in the “immediate”
fragments (p = 0.02, Figure 2). At either time point, the rates were
higher at near-edge sites than at non-fracture sites (p < 0.05).
The cell death rate at the next-to-near-edge sites was lower than
at the near-edge sites (p = 0.008, Figure 3).
Figure 1. Fractures created at the human distal tibia.
Figure 2. Chondrocyte viability (mean ± SD) at near-edge and non-fracture
sites, at immediately and 2 days after fracture impact. Numbers above the devi-
ation bars indicate total sites scanned.
Conclusions: Morphologically, the fractures created were very
similar to clinical pilon fractures, suggesting that the natural injury
mechanism of human ankle IAFs was reasonably replicated in this
model. The high cell death rates occurring only near fracture edges
in these initially nearly fully viable specimens are consistent with
Figure 3. Chondrocyte viability at near-edge and next-to-edge sites, at 2 days
after fracture impact (mean ± SD, n=9).
previously-reported human clinical ﬁndings (in small osteoarticular
fragments retrieved at various time points) [Kim et al., OA & Car-
tilage 2002; Hembree et al., JBJS-Br 2007]. The time-dependent
progression of chondrocyte death in damaged cartilage implies
that there may be a certain window of time during which biologic
treatment may be able to inhibit the pathologic cascade leading to
post-traumatic OA.
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PGE2 MODULATES THE SYNTHESIS OF
OSTEOPROTEGERIN (OPG) AND RANKL IN THE
ARTICULAR CARTILAGE OF PATIENTS WITH KNEE
OSTEOARTHRITIS
J. Moreno-Rubio, G. Herrero-Beaumont, L. Tardio, M. Bellido,
R. Largo
Fundacion Jimenez Diaz, Madrid, Spain
Purpose: Cartilage degeneration is the central feature in os-
teoarthritis (OA), but it is associated with concomitant changes
in all the structures of the joint, in particular the subchondral
bone. Articular chondrocytes express and synthesize OPG, RANK
and RANKL. However, in spite of the relevance of these proteins
in the adjacent bone metabolism there is still little known about
their regulation in the cartilage. Our aim was to explore if this
system is modiﬁed in the cartilage during OA and to assess if
PGE2 synthesis inhibition modulates its synthesis in the cartilage
of OA patients. We also investigated if PGE2 modify this system
in human osteoarthritic chondrocytes (HOC) in culture.
Methods: Human cartilage was obtained during knee replace-
ment surgery after a 3-month controlled, clinical trial, carried out
on 20 patients with severe knee OA (Mankin score 11.4±0.4).
Ten patients were treated with Celecoxib (CBX) (200 mg/24h),
while OA patients who did not want to be treated served as the
untreated group (UNTR). To compare the synthesis of OPG and
RANKL in OA and healthy cartilage, we employed an experimental
model of OA induced by anterior cruciate ligament transection and
partial medial meniscectomy in mature rabbits (10 months old).
Rabbits were sacriﬁzed four months after knee surgery, when left
knees were considered as OA, and right knees were considered
as healthy controls. Human and rabbit articular cartilage were pro-
cessed for western blot, real time PCR and immunohistochemical
studies. In HOC in culture we also examined the effect of PGE2
on OPG, RANK and RANKL synthesis.
Results: RANKL synthesis was signiﬁcantly induced (6-fold) in
the rabbit OA cartilage in comparison to healthy one, while no
changes were observed for OPG. So, the ratio OPG/RANKL was
signiﬁcantly inhibited in OA cartilage in comparison to healthy one.
In the cartilage of OA patients, CBX did not modify OPG or RANK
synthesis, while it signiﬁcantly inhibited RANKL synthesis, thus
increasing the ratio OPG/RANKL in comparison with UNTR. By
immunohistochemistry, we observed that OPG and RANKL were
mainly expressed in chondrocytes in all cartilage zones, although a
clear pericellular and extracellular signal was also observed. Unex-
pectedly, vessels crossing the tide mark, the tide mark-embedded
